In ferromagnetic metals, the interconversion of spin and charge currents via the spin Hall effect and its inverse can depend on the angle between the ferromagnet's magnetization and the spin current polarization direction. Here, such a spin-dependent (inverse) spin Hall effect is found in the ferromagnetic alloy Co 60 Fe 20 B 20 . In a non-local magnon transport experiment, Co 60 Fe 20 B 20 is used to either excite or detect magnonic spin currents flowing in the ferrimagnetic insulator Y 3 Fe 5 O 12 . We find that the signal amplitude is significantly modulated by tuning the direction of the Co 60 Fe 20 B 20 magnetization. We design a sample structure that prevents direct magnonic coupling between the ferromagnets. Thus, we can identify unambiguously an intrinsic electronic origin of the observed effect.
into transverse electronic spin currents by means of the SHE, while the ISHE describes the reversed process. When in contact with a magnetic insulator, this can be used, for instance, to either generate 6, 7 or detect 8 magnonic spin flow in the insulating magnetic layer.
So far, research mainly focused on spin Hall studies in non-magnetic materials such as 4d/5d transition metals and their alloys. 5, 9 Recently, metallic ferromagnets (FM) have also been shown to exhibit the (I)SHE. 10 However, in ferromagnets there is with the magnetization direction an additional degree of freedom, which could impact the conversion efficiency.
In the literature, contradicting claims have been put forward with no effect of the magnetization direction reported in Ref. 11 , while for a fixed spin current polarization direction the detection efficiency was shown in Ref. 12 and 13 to depend on the FM's magnetization orientation. This has been used, for instance, in recent devices to implement a spin valve like effect. 12 However, in both these previous experiments the FM detectors directly interface the magnetic system mediating the magnonic spin currents such that the latter couple to the FM ISHE detector. Assuming a two spin current model with an effective interplay between electronic and magnonic spin currents in the FM due to sd-exchange coupling, 14 the transferred angular momentum thus may be transported by both magnonic 15, 16 and electronic spin currents in the FM detector, potentially resulting in different effects. Therefore, to unambiguously identify the effect of charge based spin currents for the detection efficiency via the ISHE in a metallic ferromagnet, one needs to design a system where the magnonic contribution is suppressed.
In this work, the magnetization orientation-dependent interconversion of spin and charge information (i.e. SHE and ISHE) is probed in the metallic ferromagnet Co 60 Fe 20 B 20 (CoFeB).
Performing a non-local magnon transport experiment, 6,7,17 the signal amplitudes induced by spin currents that are either triggered or detected in the CoFeB are measured as a function of the external field amplitude that sets the angle between the detector magnetization and In the experiment, both the Pt and CoFeB wire are used for magnon injection and detec-tion in order to study the charge-to-spin (SHE) as well as spin-to-charge (ISHE) conversion in CoFeB, respectively. Applying a charge current to the injector results in both the thermal and electrical excitation of magnonic spin currents in YIG via, respectively, the spin Seebeck effect 18 (SSE) and the SHE induced spin current in the injector. 6 The magnons propagate in the magnetic insulator and, when absorbed by the detector, induce an electrical voltage response by means of the ISHE. Implementing a DC measurement scheme, the injector charge current J in = ±300 µA (j 
For the spin transport measurements, an in-plane magnetic field H was applied and both angular-dependent (sample rotation in a fixed field, max. respectively. 6 The signals have a negative sign and, within the error, equal amplitude with Regarding the thermal response, V nl Σ detected by the Pt detector (Fig. 2a) exhibits a cos (α) symmetry, which is, in the case of YIG/Pt, characteristic for an SSE induced signal.
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In the Pt → CoFeB configuration, the angular dependence of the voltage measured by the CoFeB detector significantly differs (Fig. 2b) , exhibiting approximately a sin (2α) variation.
Apart from a SSE current flowing in the YIG, 20 the signal can comprise further magnetothermal effects like the anomalous 21 or planar 22 Nernst effect that may arise in the CoFeB.
The observed sin (2α) symmetry possibly suggests a dominating planar Nernst effect, which is a result of an in-plane temperature gradient and the spin-thermoelectric equivalent of the anisotropic magnetoresistance (AMR 23 ). 22 Altogether, this result demonstrates that V nl Σ , which mainly relates to thermal effects, is not suitable to quantify the spin-charge interconversion in CoFeB. This measurement scheme will therefore not be considered in light of this aspect hereafter. Instead, this work will focus on V nl ∆ originating from electrically induced magnon transport and that is free from such artifacts.
The necessary information on the magnetic configuration of the system is provided by magnetoresistance (MR) effects. While for YIG/Pt only the spin Hall magnetoresistance the case of the reverse setup, i.e., CoFeB now acts as spin current injector and Pt as detector, a qualitatively similar but weaker effect amplitude of (5.3 ± 2.6) % is observed, see Fig. 4c .
To check whether this field-dependent modulation of the electrically induced spin signal correlates with the CoFeB magnetization orientation and, hence, can be explained by a spin-dependent SHE or ISHE, the field dependence of ∆V nl ∆ in the Pt → CoFeB configuration is compared to that of the MR amplitude in CoFeB in Fig. 5 . Evidently, ∆ρ/ρ 0 and ∆V nl ∆ exhibit the same qualitative field dependence with an initial amplitude increase and a saturation above µ 0 H c 25 mT. As mentioned above, the magnetoresistance in CoFeB is AMR-dominated and hence directly correlates with the magnetization (M CoFeB ) direction. The matching field dependences thus demonstrate that the spin-to-charge conversion efficiency in CoFeB exhibits a magnetization orientation dependence, which in this work is termed spin-dependent inverse spin Hall effect (see below). Bearing in mind Onsager's reciprocity relations, 26 the same conclusion can be drawn for the SHE (see Fig. 4c ). (Fig. 3) and the non-local signal amplitude δV nl ∆ (Fig. 4b We finally turn to the comparison of the spin dependent SHE and ISHE. We find that there is a difference in the amplitude modulation for the spin current detection We kindly acknowledge support by the Deutsche Forschungsgemeinschaft (DFG) (SPP
